tion capacity within the cold-blooded vertebrate series, to a consideration of the determining factors of the evolution of the higher vertebrates, and a treatment of the phenomena of periodic digestions occurring in ova, as mentioned above, will, however, not be attempted here. These subjects can be best treated in another connection.
We limit this communication to a presentation of such data as is suggested by its title.
The data are by no means exhaustive; the rate of digestion has been measured in only about 150 individuals -representing 6 species -and though there are some rather definite findings, the value of the data probably lies not so much in what is conclusively proved as in what is suggested, and in the light thrown upon topics which heretofore have remained quite unilluminated.
It is hoped that some one may find oportunity to extend these observations, and to test the present result with data derived from other orders of the lower vertebrata.
METHODS
AND MATERIALS.
Representatives of three vertebrate classes were studied : fishes, Amphibia, reptiles.
The fresh-water " dog fish " (Amia calva), the common frog (Rana virescens), the mud puppy (Necturus maculatus), and the turtle (Emydoidea blandingii) furnished the principal material.
Several sun fish (Lepomis) and a few snapping turtles (Chelydra) were also used. A tank of 70 gallons' capacity was so constructed and equipped as to provide running water of any desired constant temperature. The animals to be used in the experiment were transferred to this tank from large aquaria in which the main supply was kept (in water of outdoor temperature), and the temperature of the experimental tank then slowly brought to the desired point. The animals were brought in from their natural habitats during November, March, and July (no Amia or Amphibia in March). The temperature of the tank was recorded at frequent intervals. The difference between the tank temperature and the stomach temperature was determined to the o. I of a degree, for each individual animal used; such comparative readings were taken at that particular tank temperature at which the animal was to live during the experiments.
It was thus possible to calculate the average Digestiovt in Cold-Blooded Vertebrates.
stomach temperature of the animal -i. e., the actual temperature at which the digestion occurred -for the whole period of the experiment.
Metts 2 tubes of lengths appropriate to the size of the animal's stomach were prepared and inserted directly into the stomach. After periods ranging from seventeen to one hundred and sixtyeight hours, the animals were killed, the tubes recovered, and the amount of digestion recorded ; the amount of digestion being indicated by the number of millimetres of albumen that had been digested from the end of the tube. In all cases, too, a small piece of fresh beef was fed along with the tube. All of the measurements recorded represent gnstric digestion.
On a number of specimens of Amia and turtles, however, observations were also made on the rate of intestinal digestion.
Both the method and results of the study of intestinal digestion may be briefly stated here. Tubes short enough to pass easily the pyloric curve of the stomach into the intestine were fed to Amia and turtles.
The time necessary for the tubes to enter the intestine was determined approximately.
Tubes were then fed and recovered only after twenty-four or forty-eight hours beyond the time necessary for them to reach the intestine.
Since the rate of gastric digestion per hour was known from the study of other specimens, and since a further control was in some instances obtained by feeding one long tube (which would remain in the stomach) along with the short one, it was possible to roughly calculate the rate of digestion 2 The Metts tubes were made from glass tubing 2.5 mm. in diameter, filled with fresh egg-albumen which had been strained through fine cheese cloth and coagulated (within the tubes) at 95O C. In regard to the use of coagulated albumen in the Metts tubes it may be said that YUNG (Recherches sur la digestion des poissons, Archives de zoologie experimentale, 1899, vii, ser. 3, p. 121) and VAN HERWERDEN (Zur Magenverdaung der Fische, Zeitschrift fiir physiologische Chemie, 1908, Ixv, p. 453) have found this substance not well adapted for a study of digestion in fishes. They found that the albumen digests much more slowly than some other proteins, e.g., fibrin. For comparative purposes, however, and for such work as easily permits an extension of the time of digestion there can hardly be objection to the use of eggalbumen.
It is of historical interest to note that SPALLANZANI (Exp&iences sur la digestion de l'homme et de differentes espe'ces d'animaux, avec des considerations sur sa me'thode de faire des esperiences, etc., by JEAN SENEBIER, Geneva, 1783) studied digestion in fishes by filling tubes with the flesh of fishes, putting these into the stomachs of pikes, eels, barbels, and carp and recovering them at intervals. in the intestine of these two forms.
Eight apparently valid measurements on Amia showed a rate of intestinal digestion three to four times the rate of gastric digestion in Amia.
Five good measurements on Emydoidea and two on Chelydra indicated likewise an intestinal digestion about four times more powerful than the gastric digestion of these turtles.
THE RATE OF DIGESTION.
The actual measurements of the rate of gastric digestion in Amia, Rana, Necturus, and Emydoidea are given in Tables I, II, Nov.
Dec. 19
March and III. These may be consulted for the main facts. It will be noted ( I) that there is very considerable individual variation ;
the rate of digestion is highest in the fish and lowest in the turtle; (3) season is an important factor; (4) temperature modi-Digestion. ivt Cold-Blooded Vertebrates.
4s fies the rate of digestion very markedly; (5) the minimum temperature at which digestion is possible is not the same in the several forms, but is lowest in those forms which are lowest in the vertebrate series, the order being Amia, Necturus, Rana, turtle; (6) the maximum temperature at which digestion may occur appears to be nearly the reverse, i. C, it is highest for those highest in the vertebrate scale. This, however, does not seem to hold for the fish. These several results -with the exception of the first-are brought into still better relief by the summary presented in Table  IV .
There the rate of digestion is expressed in millimetres per Table IV shows the following facts concerning the influence of season upon diges- tion:
Th ere is a considerable reduction (about one third of total) of digestion power in all of the forms studied between November (23.1') and March (24.7"). Other figures for December (8.2') and March (9.9') h s ow the same thing, with the exception that the frogs show no such distinction (when correction is made for temperature differences the latter shows practically no change in digestion power). Necturus has in December more than twice the digestion power (at low temperatures) which it possesses in March.
(2)
In July the digestion power of the forms studied is much greater than in March and April.
The seasonal increase here represents about one third of the total digestion.
(3) APl?arentlY all of the animals are capable of digestion at all seasons provided they are given a suitable temperature.
(4)Midwinter to March is the period when digestion capacities are at the lowest point; while midsummer (July) is the season most favorable to digestion. It thus appears that the period of low digestion power falls within the fasting period of these animals, and the maximum of digestion power is attained during those months when a maximum of feeding is the rule. This relation of maximum and minimum digestion power to the maximum and minimum feeding periods of the animals agrees with Gillespie's ( 1898) results on the Scottish salmon, though the seasonal relations are there reversed.
We no,te here the significant fact that the digestions which take place at the surfaces of ova occur during .the period of lowest digestion power of the alimentary canal.
Another factor which doubtless influences the several digestion powers is the variation in acid content of the gastric juice. Richet has shown that in fasting fish (Scilliumj the latter fluid is neutral in reaction, whereas a maximum of digestion efficiency is obtained only with a rather high acid colntent.
Our own figures clearly indicate that in all the cold-blooded forms studied a smaller amount of proteolytic ferment is secreted during the fasting (winter) than during the feeding period. Gillespie found that the amount of enzyme extracta,ble from the gastric epithelium of the fasting (summer) salmon was much decreased.
Temperature.
-The data indicate that the effects of temperature on the digestive processes must be considered under two heads : First, the accelerating action of increased temperature on the chemical processes involved ; and second, the retarding action of very high or very low temperatures due (CI) to the production bv the animal of smaller amounts of digestive enzymes under these-conditions or (b) to the actual destruction of the enzymes by these extreme temperatures.
This retarding action will be considered first.
There is no doubt that at very ZOZU temperatures the quantity of pepsin secreted into the stomachs of these animals is decreased.
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Since the rate of digestion at a given temperature, other conditions being equal, is a function of the amount of enzyme present, such a decrease in the amount of enzyme must cause a decrease in digestive power. At temperatures too higlz for the comfort and wellbeing of the animal, it may be that a diminished secretion also occurs. It is certain, however, from the work of other observers, that the ferment itself -i. e., the pepsin containing extracts of the gastric mucosa of fishes -has its power diminished by a temperature of even less than 40" C. The statements in the literature on this point are rather vague and contradictory and should be reviewed in connection with the data presented in Tables I to V. Brinton 3 says : " The same heat which is practically necessary for the function of this organ (stomach) in a warm-blooded animal annihilates the efficacy of the pepsin of many fishes," Fick and Murisier 4 declared that in the pike and the trout the peptic digestion is not more rapid at 40" than at roe C. Hoppe-Seyler confirmed the statement.
Luchllau,5 however, states that in the salmon and pike the digestion was more rapmid at 40" than at 15" C. Richet and Mourrut 6 say that at 40" the mammal digests faster than the fish, while at 32" the reverse is true. Krukenberg 7 is more definite in a declaration that the pepsin of a fish acts as well at 20' as at 40" C. Gillespie's * less definite statement is : " If the active secretion (pepsin) be tested outside the b,ody at a higher temperature (no figures named), a very much more powerful action is exerted on proteids than by ordinary peptic extract obtained from the gastric mucous membrane of mammals."
The last statement on this subject is apparently the following by Yung : o " une augmentation artificielle de la temperature d'un squale qui 1Wverait i la temp&-a-ture d'un mammifere, loin de gener sa digestion, l'activerait au contraire."
I have not been able to carry through a sufficient number of experiments to determine the exact points at which high and low temperatures absolutely inhibit the action of the pepsin of the animals under consideration.
The data obtained does, however, add to our information on these points; and at the same time some reason is furnished for the contradictory results of other workers. A glance at our Table IV shows that for both Amia and the frog a rise of temperature from 25" C. to 30" is accompanied by a very marked increase in the rate of digestion. Again, in the turtle a rise of temperature (July) from 18" to 2s" C. more than doubles the rate, while in marked contrast a similar elevation of the temperature of the frog at this season increases its rate by less than one fifth.
These facts would indicate, first of all, that season is an important factor to be reckoned with in this connection, and is fully capable of supplying the data for the discrepant results of other workers cited above.
The destructive action of low temperatures on the pepsin of cold-blooded vertebrates receives scant attention in the literature. Fick and Murisier 4 furnish the statement that the pepsin of the trout and the pike can digest at a temperature " near zero." Yung g makes the same declaration for many species of fishes.
Our data show that 3 or 4" C. is the minimum for Amia in November and December. The point of more considerable interest which our data brings out, however, is that among the classes of cold-blooded vertebrates the minimum temperature at which pepsin will act differs widely, being lowest in the fishes, intermediate in the amphibia, and highest in the turtles. In other words, the study of six species indicates that as evolutionary development occurred within the vertebrate group the more highly evolved forms progressively lost their capacity for peptic digestion at low temperatures. Facts already known lo enable us to extend this statement beyond the amphibia and reptiles to the warm-blooded formsbirds and mammals.
The action of temperature first mentioned above, namely, the accelerating action of increased temperature upon the chemical processes involved, is treated in the following section.
lo See RICHET Table V represent, I believe, the only attempt thus far made to answer the above-mentioned questions. The tabulated I1 results indicate ( I) that within certain not very wide ranges of temperature the rule of van't Hoff applies to the digestive processes in living cold-blooded vertebrates, the average of eight valid coef5cients being 2.62.
The range of temperature within which the speed of digestion is doubled with a rise of IOO is different for the different classes of vertebrates ; this range being smallest or most restricted in the two types of Amphibia used. (3) The five coefficients which in the table have been designated with the reference figure I reveal influences of the temperature used, which are quite apart from their effect on the speed of chemical reactions : those numbers which are greater than 3.00 indicating that the lower temperature of the two temperatures compared exercises a destructive or inhibitive action on the digestive secretions; whereas numbers smaller than 2.00 indicate that the higher temperature of the two temperatures compared likewise inhibits or destroys ferment action.
I1 These coefficients are obtained as the quotients resulting from
Rate at Tn Rate at T x 6 Tut being the higher temperature, T the lower temperature, and x the difference between these two.
